In a prospective study of risk factors for ischaemic heart disease 792 54 year old men selected by year of birth (1913) and residence in Gothenburg agreed to attend for questioning and a battery of anthropometric and other measurements in 1967. Thirteen years later these baseline findings were reviewed in relation to the numbers of men who had subsequently suffered a stroke, ischaemic heart disease, or death from all causes.
Introduction
Severely overweight people-especially the young-have an increased risk of dying or of contracting a serious illness.' The evidence for less overweight people is more conflicting.'-6 The effect of excess weight on cardiovascular disease and mortality is delayed' 7 8 and therefore often not evident in short term studies. Health hazards of overweight are difficult to define in prospective studies of the general population, since unless these comprise a very large number of people they are likely to include few excessively overweight subjects. These problems were evident in a study of the health consequences of obesity in a cohort of men born in 1913.9
In an attempt to see whether various distributions of adipose tissue might be associated with an increased risk of cardiovascular disease or death we studied the relation between baseline measurements of abdominal adipose tissue distribution (waist to hip circumference ratio) and commonly used indices of obesity and the incidences of stroke, ischaemic heart disease, and death from all causes over the next 13 years.
Subjects and methods
The study population comprised men living in Gothenburg who were born in 1913 and whose date of birth was divisible by threethat i,_the third-sixth. ninth days, and so on, of each month. Of those approached, 855 Waist circuimference was measured to the nearest centimetre at the level of the umbilicus with the subject standing and breathing normally. Hip circumference was measured to the nearest centimetre at the level of the iliac crest. All anthropometric measurements were performed by a single observer.
In an attempt to determine the predictive power of abdominal adipose tissue distribution the waist to hip circumference ratio was calculated. The correlation between the two circumferences was high (r=0-86; p<0 001). The ratio was approximately normally distributed (fig 1) , as were the other measures of obesity used in the study.
Blood pressure was recorded sitting after a five minute interview; pressure was taken to the nearest 5 mm Hg using a cuff with a rubber bag measuring 12 Conversion: SI to traditional units-Cholesterol: 1 mmol/l z 38 6 mg/100 ml.
-which records births, deaths, etc and by law must be kept up to date and from myocardial infarction and stroke registers covering the city of Gothenburg."3 14 The follow up rate was 100o .
The combined incidence of clinically recognised myocardial infarction and death from myocardial infarction or other ischaemic heart disease was used as the end point cardiovascular disease. The clinical criteria of myocardial infarction were those adopted by the Swedish Society of Cardiology: central chest pain, shock, or, syncope suggesting myocardial infarction together with typical serum transaminase activities or a pathological Q wave or localised ST Table I gives the mean values of selected variables of the total cohort at baseline and also the characteristics of subjects who did and did not suffer stroke, ischaemic heart disease, or death. Of the indices of obesity used, only the waist to hip circumference ratio differed significantly between cases and non-cases. Subjects with stroke and ischaemic heart disease had significantly higher waist to hip circumference ratios than non-cases. Systolic blood pressure was a risk factor for stroke but serum cholesterol concentration and smoking were not. Systolic blood pressure and smoking were risk factors for death from all causes but serum cholesterol concentration was not. Traditional risk factors for ischaemic heart disease (blood pressure, serum cholesterol concentration, and smoking) were significantly correlated with the incidence of the disease.
Repeating the analyses of the indices of obesity versus the risk of stroke, ischaemic heart disease, and death (using a non-parametric correlation test"5) yielded statistically significant associations for the waist to hip circumference ratio and stroke (p=0 002) and ischaemic heart disease (p=0 04) but not death (p=0 053). Similar results were obtained when the association between waist circumference and these end points was tested in partial correlation analyses with hip circumference kept constant. No significant associations were found for other indices of obesity (body mass index; sum of skinfold thicknesses; specific skinfold thicknesses; ratio of triceps to subscapular skinfold thickness; specific circumferences (waist and hip)). Figure 2 shows the 13 year incidences of stroke, ischaemic heart disease, and death from all causes by centiles of the waist to hip circumference ratio. The associations tended to be linear for total mortality and ischaemic heart disease but curvilinear for stroke. The risk ratio between the highest quintile and lowest quintile was 17 for death, 2-5 for ischaemic heart disease, and 5-9 for stroke. A high waist to hip circumference ratio carried a high risk of stroke, as indicated by a risk ratio of 11-5 when subjects in the 95th percentile and over were compared with those in the lowest quintile. Among the 1000 with the lowest waist to hip circumference ratios not a single man developed stroke. Figure 3 depicts the combined influence of body mass index and waist to hip circumference ratio on the risks of stroke, ischaemic heart disease, and death using the isotonic regression method. Within a body mass index group the risk of stroke increased with increasing waist to hip circumference ratio. The same was true for the risk of ischaemic heart disease. In that case, however, the lowest risk was found in the group of men with a high body mass index and low waist to hip circumference ratio (5 60/o) and the highest risk in men with a low body mass index and high waist to hip circumference ratio (20 80,o) . A similar trend was found for the risk of death from all causes. Those who had a high body mass index but a low waist to hip circumference ratio had the lowest risk of death (5-3%) and those who had a low body mass index and a high waist to hip circumference ratio the highest risk of death (29o2%).
Adjusting for a possible negative confounding effect of smoking, statistical significance (p<0 05) was reached for all the end points and the waist to hip circumference ratio but not for any other index of obesity. The waist to hip circumference ratio, however, was not an independent long term predictor of these end points when systolic blood pressure and serum cholesterol concentration were taken into account.
Discussion
In the general population sample of 54 year old men examined in this study no association was found between risk of cardiovascular disease and death and indices of obesity such as sum of skinfold thicknesses or body mass index during 13 years of follow up. This might seem paradoxical, because several risk factors for cardiovascular disease are associated with obesityfor example, hyperlipidaemia and hypertension. 16 One of the possible negative confounding factors of the relation between obesity and cardiovascular disease and death is smoking.l1 17 In this population smoking was a strong risk factor for ischaemic heart disease and death. As in many other studies, smokers were leaner than non-smokers. Thus smoking had to be considered.
Another factor is the possible heterogeneity of human obesity-that is, only certain subgroups might be at risk for of obesity and consider that the waist to hip circumference ratio is a practical and simple index of the abdominal adipose tissue distribution.
Even though associations with the waist to hip circumference ratio were not significant in multivariate analysis when blood pressure and serum cholesterol concentration were taken into account, the ratio was evidently more closely associated with the risk of cardiovascular disease than were other indices of obesity. A high ratio might be indirectly associated with increased risk, serving only as a marker of some hitherto unknown unfavourable host or environmental factor. Recent work also suggests possible pathophysiological mechanisms for a direct relation between abdominal obesity and cardiovascular risk factors. The intra-abdominal adipocytes are unique because they empty their free fatty acids directly into the portal vein, exposing the liver to high concentrations of free fatty acids. Experimentally induced high portal free fatty acid concentrations inhibit uptake of insulin by the liver (G Stromblad et al, paper submitted for publication). This might lead to peripheral hyperinsulinaemia, which in turn might be followed by relative insulin insensitivity and therefore also by a tendency to develop diabetes mellitus. The role of increased insulin concentrations in raised blood pressure has been discussed.20 21 High portal free fatty acid concentrations cause hypertriglyceridaemia. 22 Thus there exist pathophysiological mechanisms whereby increased abdominal fat may increase the portal free fatty acid concentration, cause disturbed plasma lipid concentrations as well as hyperinsulinaemia, and possibly also increase blood pressure.
In conclusion, this prospective study of a population sample of middle aged men indicates that abdominal adipose tissue distribution as a predictor of cardiovascular disease and death may be used independently of commonly used indices of the degree of adiposity but not independently of serum cholesterol concentration and blood pressure.
